The principal objective for storage of CO 2 in depleted petroleum reservoirs is identical to that of deep saline reservoirs; that is permanent containment of the injected CO 2 with no leakage. The processes by which CO 2 is injected, however, differs between petroleum and deep saline reservoirs in that CO 2 is utilized to recover oil and gas from petroleum reservoirs, resulting in partial recovery and reinjection of the CO 2 , whereas in deep saline reservoirs CO 2 is solely injected. A second critical difference between the CO 2 injection into petroleum and deep saline reservoirs is the degree to which CO 2 is miscible with the reservoir fluids. For deep saline reservoirs supercritical CO 2 is only slightly miscible with reservoir brines, but for petroleum reservoirs injection pressures are sought to achieve full or nearly full miscibility of the CO 2 with the reservoir nonaqueous fluids. The Southwest Carbon Partnership (SWP), one of the U.S. Department of Energy (U.S. DOE) seven Regional Carbon Sequestration Partnerships, is currently working to demonstrate the utilization and storage of CO 2 in the Farnsworth Unit Enhanced Oil Recovery (EOR) site under the final development phase of this U.S. DOE initiative. A component of the research is to use fluid tracers to understand the multifluid flow patterns that develop between injection and production wells via collected field data and supporting numerical reservoir models.
The Farnsworth Unit, located in the Anadarko Basin, Ochiltree County, Texas, and being operated by Chaparral Energy, is a mature EOR water-flood field, which is currently being converted to a CO 2 flow, with inverted 5-spot patterns transitioning from pure water to alternating CO 2 and water floods (i.e., water alternating gas (WAG)) at an approximate rate of one every 6 to 10 months. The SWP tracer program is conducting a suite of tracer injections into the active 5-spot patterns at the Farnsworth Unit. Tracers have been selected to be nonreactive and either principally soluble in CO 2 (gas soluble) or water (aqueous soluble). In addition to characterizing the multifluid flow behaviour within reservoir, the gas and aqueous tracers have roles in detecting any leakage from the reservoir. The aqueous soluble tracers will identify any potential leakage of reservoir brines into the overlying underground supply of drinking water (USDW), specifically the Ogallala aquifer, via wellbore damage or alternative pathways. The gas soluble tracers will identify potential CO 2 leakage from the reservoir to the atmosphere. A total of seven unique perfluorocarbon tracer (PFT) compounds make up the suite of gas soluble tracers and eight unique naphthalene sulfonate tracer (NPT) compounds comprise the aqueous soluble tracers. All selected tracers are significantly detectable below the parts per billion concentrations, allowing for high resolution for the inter-well tests at relatively low injection volumes.
As of the start of 2016, four separate slugs of aqueous-soluble tracers and two separate slugs of gassoluble tracers have been injected into four inverted 5-spot patterns at the Farnsworth Unit, as indicated in Table 1 and Figure 1 . In the first experiment three distinct aqueous-soluble tracers were injected into injection wells (#13-13, #13-10A, and #13-5) in the middle of three adjacent five-spot patterns within the western half of the Farnsworth Unit, in early May 2014. Regular sampling of the surrounding production wells over the next year yielded no significant elevation of any of the three naphthalene tracer compounds (i.e. no tracer breakthrough). In the second experiment, conducted approximately a year later from the first, a single gas-soluble tracer was injected into the northern most injection well (#13-13) of the first experiment. In contrast to the water-soluble tracer experiment, perfluorocarbon concentration spike was recorded approximately 3 weeks after injection on at least one neighboring production well (#11-2). To better understand the null signals from the first experiment, in the third experiment a single aqueous-soluble tracer was injected into the injection well (#14-1) of a five-spot pattern, which had not been converted from water flooding and would not be converted in the foreseeable future. Sampling of the production wells surrounding the injection well (#14-1) has yet to yield any tracer breakthrough (~2 months since injection). The fourth experiment was designed to test whether the early breakthrough seen in the second experiment would be repeated in an adjacent five-spot pattern. In this experiment a gas-soluble tracer was injected into the injection well (#13-10A), and high-frequency (i.e., every other day) sampling of the neighboring production wells has yet to yield any elevated tracer concentrations (~1 month since injection). During the active tracer program at the Farnsworth Unit, recycled (produced fluid re-injected for EOR) water and CO 2 are regularly sampled and analyzed for previously injected tracer compounds to evaluate field-wide tracer concentrations and monitor for bypassed production wells. Inter-well tracer tests conducted in aquifers provide information flow patterns between wells. For the enhanced-oil-recovery activities within oil reservoirs, these tests and their interpretation are complicated by the dynamic multiphase flow system. The objective of this study is to provide an interpretation of the SWP tracer tests and the multiphase flow field system within the five-spot patterns using numerical simulation to recreate the tracer breakthroughs. History-matching simulations have been conducted on the entire western half of the Farnsworth Unit oil field that span primary production starting in 1955 through the current tertiary recovery with CO 2 injection. These simulations will provide the basis for more detailed numerical simulations on the five-spot patterns shown in Table 1 . -100°58'30.001" -100°59'0.001" -100°59'30" -101°0'0" -101°0'30" -101°0'59.999" -101°1'29.999" -101°1'59.998" 36°16'59.999" 36°16'30" 36°16'0.001" 36°15'29.999 
